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APPENDI X B
DESI GN CALCULATI ONS

1.0 | NTRODUCTI ON.

Thi s appendi x presents a description of the general types
of calculations that may be required for filter press
applications. Based on the specific type of sludge being
dewat ered, sl udge dewatering conditions, and the specific type
of equi pnment and accessories used, additional calcul ations may
be required. Al though the cal culations that are descri bed
refer primarily to filter press applications, several of these
cal cul ati ons are dependent on, or should be used in
conjunction with, other calculations that should be perforned
or used in the devel opnment of the design for the entire
treatnent process or treatnent facility. Design exanples
illustrating the use of several of these calculations are
presented in Appendi x E.

2.0 PURPOSE

The primary purpose of the filter press design
calculations is to provide design criteria for sizing
equi pnent for editing guide specifications and devel opi ng
construction drawings. Based on the prelimnary selection of
equi pnent, additional calculations can also be perfornmed to
determ ne paraneters such as utility requirenments and
supporting nechanical and electrical distribution systens.

3.0 DESIGN BASIS AND DATA SOURCES.

Several types of data sources can be used for the basis of
the design calculations. Typical sources of data include pre-
engi neering design reports and treatability studies, standard
reference materials, and other sources such as tel ephone
conversations. Any source of data or basis used for the
design cal cul ati ons should be identified and referenced
appropriately in the design anal ysis.

3.1 PRE-ENG NEERI NG DESI GN AND TREATABI LI TY STUDI ES.

Pre-engi neering design reports and treatability studies
(i.e., laboratory, bench-scale and/or pilot scale testing) are
typically used as the basis of the design calculations. Prior
to performng the filter press design cal cul ations, the
foll ow ng specific paraneters should be identified, if
possi bl e, fromthese sources:

1 Sl udge flow rates and solids concentration from each
process generating sl udge.
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A representative and/or conposite density or specific
gravity of the wet sludge feed strean(s).

A determ nation of sludge conditioning chem cal
dosages required, usually based on a wei ght percent
of dried sludge solids.

Mnimumdry solids allowed in the cake by wei ght
percent of wet sl udge feed.

A representative and/or conposite density or specific
gravity of the wet sludge cake.

A determ nation of the sludge cake thickness.

A determnation of the filtrate solids content.

A determ nation of operating tinme (i.e., 8 hour/day).

Total cycle time which includes all time required for
sludge filtration, cake discharge, and all other
related tine requirenents (i.e., core blow).

Each data source used should be clearly identified within
the design calculation and properly referenced with the date,
title, or other pertinent information that will identify the
data source and its validity.

3.2 REFERENCES MATERI ALS.

Data and information fromreference materials, other than
data from pre-engi neering design and treatability studies, can
be also used for filter press design cal culations. Reference
materi als consi st of applicable codes, standards, textbooks,
standard tabl es, and manufacturers catal ogs and exanpl es of
manufacturers literature. Each reference source used should
be properly referenced with the date, title, issue, or other
pertinent information to assure conplete identification.

3.3 TELEPHONE CONVERSATI ONS RECORDS

In addition to reference and design data fromthe design
anal ysis report, telephone conversations to equi pnent
suppliers and manufacturers and regul atory agenci es may al so
be used for the design cal cul ations.
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4.0 COVPOSI TI OV CONCENTRATI ON DEPENDENT CALCULATI ONS.

Conmposi tion and concentration cal cul ations are perforned
to provide the design basis for sizing the filter press
equi prent and for rel ated operation requirenents. These types
of cal cul ati ons can be categorized as pretreatnent
cal cul ati ons and process cal cul ati ons.

4.1 PRETREATMENT CALCULATI ONS.

Pretreatnment cal cul ations include those that are required
to provide the initial basis for sizing equi pment and process
condi tions such as nmass bal ance cal cul ati ons and determ nati on
of the required filter press vol une.

4.1.1 Mass Bal ance Cal cul ati ons.

The mass bal ance cal cul ati ons shoul d be perfornmed based on
previously determ ned hydraulic flow rates and solids
concentrations for each sludge generating streamto determ ne
the total mass flow rate of sludge to be dewatered. This
calculation is based on the nmass bal ance equati on:

Mass Qut = Mass In.

The “mass out” termrefers to the total solids to be
renmoved by dewatering. This termis determned fromthe “nass
in” term that is determ ned by the summation of mass fl ow
rates from each sludge generating unit as determ ned from
mul tiplying the sludge flow rate by solids concentration from
each unit. The sludge generating units may consist of
clarifiers, biological treatnment units, etc. To aid in these
cal cul ations, a flow schematic showi ng both hydraulic flow
rates, solid concentrations, and mass flow rates to and from
each process unit should be devel oped.

Based on the cal cul ation of total mass of sludge generated
on a daily basis, other process cal cul ati ons can be perforned
to determine the filter press volunme and rel ated sl udge
storage, chem cal feed systens, and other filter press
accessori es.

4.1.2 Filter Press Vol une.

Based on the calculation of the “mass out” termof the
mass bal ance equation the volunetric filter press capacity can
be determ ned by the foll ow ng equation:

Cake vol une produced per day =

[ (wei ght sludge dried solids per day) x
(1 + fraction of conditioning chemcal (s))] /

B- 4
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[ (% cake solids content) x (wet sludge cake density)]

Based on this volunetric cal culation and the previously
determ ned paraneters, the filter press can be sized based on
the foll owm ng cal cul ati on:

Filter press volune capacity per cycle =

[ (cake vol unme produced per day) x
(hour per cycle)) / [operating period (hour per day))]

Based on this capacity, a filter press should be sel ected
from manufacturer*s information. The filter press sel ected
and the accessories required can then be used in the
determ nation of utility requirenents and subsequent sizing of
ot her equi pnent .

4.2 PROCESS CALCULATI ONS.

Process cal culations include these related to the
determ nations of design criteria and sizing of storage
containers, chem cal feed systens, and accessori es.

4.2.1 Storage Cal cul ations.

Several types of storage containers may be required for
filter press applications including tanks for storage of
sl udge, sludge conditioning, filter precoat, filter nedia
wash, acid wash, and sl udge cake storage.

In general the sizing of these storage containers is
ei ther based on the anpbunt of detention required, and/or the
frequency, duration, and quantity of material required for the
normal filter press operation.

4.2.1.1 Sludge Storage.

The amount of storage required for the raw sludge is very
site specific and/ or dependent on requirenents of equalizing
fl ow and sl udge characteristics, in addition to considerations
of retention in treatnent process tank. A general rule
provided by the “Ten States Standards” is that a m ni mum of
four days storage shall be provided for mechani cal dewatering
facilities unless other standby wet sludge facilities are
avai |l able (GLUVRB 1990). In general, the sludge storage
capacity can be calculated by the foll ow ng equati on:

Sl udge Storage Vol une Requirenent =

(Vol unme of Sludge Produced Per Day) x (Nunmber of Days
Requi red for Storage)
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4.2.1.2 Sludge Conditioning Storage.

The sl udge conditioning tank size will be based on the
anount of sludge to be processed and the conditioning
chemcals required. 1In general, the tanks used for this
application will be vertical, cylindrical tanks equipped with
a mxer and high and |l ower |evel indication. Based on the
quantities of sludge and conditioning chemcals required, a
wor ki ng vol unme should be cal cul ated by the follow ng equation:

Wor ki ng Vol une of Tank Per Cycle =

(Vol unme of Raw Sl udge Per Cycle + Volunme of Conditioning
Chem cal s Required Per Cycle)

Based on this working volunme, the dianmeter and working

hei ght of the tank should be determned. As a final step in
determining the total height required for the sludge storage
cont ai ner, height allowances should be provided for both the
top and bottom of this storage container to allow for high and
|l ow | evel indication as well as providing adequate freeboard
to reduce potential of overfilling, excess volunme for noderate
and vigorous m xing, and any antici pated excess storage vol une
consi derati ons.

4.2.1.3 Precoat Storage.

| f required precoating of the filter nedia wll be
performed prior to the filtration cycle, a storage tank nust
be provided. As a general rule of thunb the tank for the
precoat system shoul d be approxi mately one and one-half tines
the volunetric capacity of the filter press.

4.2.1.4 Filter Media Wash Storage.

The size of the filter media wash tank shoul d be based on
the filter nedia washing requirenents (duration and frequency)
of the specific filter press application. The total volune
required should be equal to working capacity of tank
cal cul ation described in Subsection 4.2.1.2.

4.2.1.5 Acid Wash St orage.

The size of the acid wash storage is dependent on the acid
wash requi renents (frequency and duration) of the specific
application. The calculation of the working capacity and
total size required should follow the nethod described in
Subsection 4.2.1. 2.

4.2.1.6 Sludge Cake Storage.
The size of the sludge cake storage is very application
specific and wll be based on the nethod of disposal and/or
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frequency of disposal. For exanple for an intermttently
operated filter press unit, such as a unit that is operated
only once a week, only weekly up to nonthly storage should be
provi ded. However, for continuously operated filter presses,
such as those perform ng several cycles per day, the m nimum
storage capacity should be determ ned on the basis of the
daily sludge cake vol une produced with additional allowances
up to several days for contingencies related to
transportation. Additional storage considerations are also
presented in Section 4.8 of Appendi x A

4.2.2 Chem cal Feed Systens.

Chem cal feed systens for filter press applications may
i nclude those required for sludge conditioning, filter nedia
precoating, and filter nedia acid washing.

4.2.2.1 Conditioning Chem cals Feed Systens.

The chem cal feed dosages for each type of conditioning
chemcal required is determned fromtreatability studies, and
are usually expressed as a percent of the sludge on a dry
wei ght basis. Based on the mass flow rate of sludge to be
generated and the percent of chem cal dosage required, the
chem cal dosage required can be determned fromthe foll ow ng
equat i on:

Chem cal dosage per day =
[ Mass Fl ow Rate of Sl udge (weight per day)] x
[ Percent of Chem cal Required Based on Sludge Dried
Sol i ds]

In addition to the determnnation of the daily dosage
requi renents, the storage requirenents can be determ ned based
on the daily dosage, concentration of chemcal purity if |ess
than 100 percent, and typical desired storage period.
Typically, a 30-day storage period is required for
condi tioning chem cal storage. The chem cal feed systents
storage requirenments can be cal cul ated by the foll ow ng
equat i on:

Chem cal Storage Requirenment =

[ (Daily Dosage) x (Storage Period)]/
[ Chem cal Purity]

Addi tional calculations are required for the condition
chem cal feed systens including the pure chem cal feed system
chem cal feed solution preparation and m xi ng tanks, solution
metering systens. Because these requirenents and rel ated
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cal cul ations are specific to the types of conditioning

chem cal requirenments for each filter press application, no
specific calculations are provided in this appendi x. However,
a discussion of chem cal feed systens is presented in Appendi X
A, Subsection 4.6.1.

4.2.2.2 Filter Media Precoat Feed System

Precoat feed calculations required for filter press
applications include those related to pure nmaterial storage
and feed, precoat preparation, (tank storage), and precoat
slurry feed. Because the type of precoat material and dosage
required is specific to each filter press application, no
specific calculations precoat material feed systens are
provided in this appendi x. However a discussion of precoat
systens is provided in Appendi x A, Subsection 4.6.2. In
addition, a discussion of the cal culation of precoat
preparation and storage is presented in Subsection 4.2.1.3,
and cal cul ations required for punping sizing can follow the
general guidelines provided in Section 5.0 of this appendi X.

4.2.2.3 Acid Filter Media Wash Systens.

The cal culations required for the acid filter nedia wash
system may include those related to the sizing the supplied
acid storage tank, supplied acid feed punps, acid wash
dilution tank, and acid wash feed punps. The specific
requi renents for the conponents of this system are dependent
on the specific requirenents of the filter press application
(i.e., frequency and duration) in addition to the purity of
the acid supplied; therefore, no specific calculation are
described in this section. However, a description of design
considerations for acid wash systens are provided in Appendi x
A, Subsection 4.6.3.2. In general, the tank cal cul ations for
this systemshould follow the nethod presented in Subsection
4.2.1.5, and the punps cal cul ati ons should foll ow the nethod
presented in Section 5.0 of this appendi x.

4.2.3 Additional Accessories.

Addi ti onal accessories including itens such as punps and
air conpressors wll require design calculations. The
cal culations required for punps are discussed in this appendi x
in Section 5.0 and air requirenents and air conpressors are
di scussed in Section 7. 4.

5.0 FLOW DEPENDENT CAL CULATI ONS.

Fl ow dependent cal cul ations are primarily required for
punps and piping distribution systens used within the filter
press application. The punps typically used in filter press
applications include those required for sludge feeding,
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chem cal conditioning feed punp, precoat feed punp, and filter
medi a water wash and acid wash punps. Al though different
types of punps may be required for these applications, the
basic cal cul ations perforned for sizing these punps are
simlar and include the determnnation of the volunetric
capacity and pressure requirenents.

The cal cul ations for the determ nation of the volunetric
capacity is based on the frequency, duration, and overal
gquantity required for each specific application. The total
pressure requirenent is cal cul ated based on the total head
requi renents of the systemthat includes the summation of both
the static and dynam c head characteristics of the system An
additional safety factor of 10 to 25 percent should be added
to the dynam c pressure to reduce the effects caused by the
t hi xotropic characteristics of the sludge.

6.0 EQUALI ZATI ON REQUI REMENTS AND VARI ATI ON ALLOAMNCES.

The objective of sludge flow equalization and variation
al l omances is to provide sludge that contains simlar
characteristics for each filtration cycle.

6.1 MAXI MUM CONDI TI ONS

The design and equali zation requirenents and variation
al l owance for maxi num condition can be handl ed by several
di fferent approaches. However, these approaches are
application specific and typically do not require
cal culations. The first nethod would be to size the equi pnent
and associ ated system based on an average of 30 consecutive
days of sustained flow and solids |oading. |In general, this
met hod woul d cause oversi zing of equi pnent typically required.
However, if this approach involves the use of several presses
to process the sludge generated at the maxi num fl ow
condi tions, the nunber of presses operating during an average
flow condition could be reduced to handle only the average
flow

A second approach that can be used consists of basing the
design on the average flow of an average operating day and
provi di ng adequate storage for maxi mum fl ow conditions, then
processing the additional sludge with increased operating
periods. To illustrate this approach, assune the daily
average flow was typically processed within an 8-hour
operating period. To process the sludge during maxi num fl ow
condi tions, provisions could be provided and an additi onal
operating shift could be used to process the sludge until
average conditions resuned.
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6.2 MN MJM CONDI TI ONS

Al though typically the design of the filter press
application is based on maxi nrum or average requi renents, and
no cal cul ati ons are based on m ni mum fl ow condi ti ons,
consideration of the mninmumflow condition is warranted.
However, several possible approaches can be used to address
m ni mum fl ow conditions. Potential approaches that could be
applied include: providing storage until enough sludge is
generated to conplete average flow filtration cycle; reducing
the nunber of filtration cycles over a typical operation
period; using a blanking plate to cut down the vol une of
sl udge being dewatered if a single filter press is being used;
or cutting down on the nunber of units used if a multiple
press systemis used.

7.0 SUPPORT UTILITY REQUI REMENTS.

Based on the initial selection of equipnent, utility
requirenents for ventilation, power, water, air, telephone,
and other utilities can be calculated. Although sone of these
cal cul ations may be determined as requirenents for the entire
treatnent facility, increnmental cal culations may be required
that apply specifically to equipnent or facilities required
for filter press applications.

7.1 SPECI AL VENTI LATI ON SYSTEMS.

Typically ventilation calculations are perfornmed with
heating ventilation and air conditioning cal culations for the
entire treatnent facility and are not specifically perforned
for the filter press application. Under normal conditions, as
described in Subsection 9.8.2 of Appendix A, the m ninmum
ventilation rate of six air changes per hour for sunmer
ventilation and three air changes per hour for w nter
ventilation should be applied. However under specific
applications, such as those in areas where dust (i.e., line
conditioning) or odor (i.e., amonia) are possible, additional
ventilation requirenents and cal cul ati ons may be required.

7.2 PONER REQUI REMENTS.

Several types of calculations for power requirenents can
be used in the design of a filter press application including
a normal | oad and | ead protection analysis, a ground fault
current analysis, and lighting analysis. These types of
calculations are usually perforned as part of the electrical
cal cul ations provided for the entire treatnment facility.
Because these types of calculations are application and
equi pnent specific only a description of these types of
cal cul ations foll ow.
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The normal | oad and | oad protection anal ysis consists of
the determ nation of electrical |oad requirenents for the
filter press and associ ated conponents such as punps and
controls. Once the |load analysis is perfornmed, a | oad
protection analysis is then perfornmed to ensure the proper
desi gn and placenent of circuit transforners for the
overcurrent protection of individual conponent fromits power
source. The ground fault current analysis is al so perforned
to determine the rated listing for individual conponent.

In addition to direct power requirenents, |ighting
calculations are typically provided wth power requirenent
cal cul ations. However, the lighting cal cul ati ons and
associated requirenments are typically provided with the entire
treatnment facility*s general |ighting cal cul ations, unless
special light requirenents for platforns, nmezzani nes, or
catwal ks are required.

7.3 WATER REQUI REMENTS.

Water requirenent for filter press applications include
water required for fire protection and potable water. Water
requi renents for fire protection are typically determ ned by
calculations required for the entire treatnment facility.

Pot abl e water requirenments are based on frequency, duration,
and quantity required for each specific systemwthin the
filter press application. Systens that typically require
potabl e water include: dilution water for conditioner
preparation; water for precoat slurry preparation if filtrate
wat er cannot be reused; water for the filter nedia water wash;
and dilution water for filter nedia acid wash. Based on the
specific requirenents for each of these application,
calculations wll be perforned for the quantity of potable
wat er required and associ ated di stribution systens.
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7.4 AR REQUI RENMENTS.

In general, calculations for air requirenents are based on
t he frequency, duration, quality, and pressure of air required
to- performto several functions within filter press
applications including pneumatics involved in the press
operation such as hydraulic press opening/closing and pl ate
shifting, in addition to filter press accessories such as air
operated punps, core and air blow ng systens, inflation
systens for diaphragns for variable-volune filter press
applications, and pneunatically operated controls. Typically,
two types of air quality are required for filter press
application: instrunents air and plant air. The instrunent
air is typically passed through an air cooler and air dryer to
produce a dry quality air required for pneumatically operated
controls. Although two types of air are required, only one
air conpressor systemis typically required to distribute the
air requirenments to supporting systens. Therefore
calculations that are perfornmed for the air systemincl ude
those for sizing the air conpressors and those for sizing air
di stributions systens. Because the specific calculations are
equi pnent specific, only a description on cal cul ations that
may be required are presented in this appendi X.

The air conpressor systemis typical sized based on the
cal cul ation of the sumof the air requirenents and the hi ghest
pressure required. The air is then distributed to the air
di stribution systemby the use of pressure regul ators.

Addi tional cal culations perfornmed for the distribution
systens include those required for sizing storage receivers
air dryers, and distribution piping system These
calculations are primarily based on the specific air
requi renents for each individual demand.

7.5 TELEPHONE LI NE REQUI REMENTS.

Design requirenents for tel ephone lines for renote al arns
are typically not perfornmed specially for filter press
applications. The specific requirenents are typically
determ ned for the site conditions and specific control
outputs requiring renote alarns and specified within the guide
specification interfacing with other controls requiring renote
alarms within the treatnent facility.

7.6 OIHER UTILITY REQUI REMENTS.

O her utilities that may be required for filter press
applications include utilities such as natural gas. Natural
gas may be used indirectly for filter press applications for
general heating, sludge drying, and sludge incineration.
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Cal culations for natural gas for filter press application are
primarily used in conjunction with the requirenent required
for the entire treatnent facility. Typically, calculations
that may be required for natural gas used for filter press
applications include those related the determ nati on of

i ndi vidual systemrequirenents (i.e., quantity and pressure
required) and sizing of the specific distribution systens.

8.0 ADDI TI ONAL REQUI REMENTS.

In addition to the process, nechanical, and electric
cal cul ations, additional design requirenents and cal cul ati ons
that nmay be required for filter press applications include
those related to architectural requirenents such as the
determ nation of aisle space, equipnent clearances, and
storage space; structural requirenments for the filter press,
supporting accessories, and chem cal storage; operation and
mai nt enance provisions; and health and safety requirenents.
However, these types of calculations are application specific,
and therefore no specific calculations are provided in this
appendi Xx.
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